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56, m&&&ttffiftttffl2r&. «E— 
(Mortierellaalpina), iS^^Ttl^^rtH^E^ra** 

Mo 



(BJ)3£ 1456 



#] * * ^ 



ARA, ME-^+EPA w-g-fi^jea'ARAW + ^— . 

5 2.TOflJI^ 1 MM^^ttll^tfSHI^iflg, JAJSfe^S^ 40% 

ttfft = 0J&5£tt ARA I1S*±^^ EPA . 

^•M^ 50% ARA. 

4.«^a^j^^ i m 3 ^te-mm&mmm, K+MX8rft»?s*j» 

10 (Mortierella sp). 

SMm&mW* 4 #T&ftffillB, J£*W***WdMft?S*(M: alpina). 

m^mfr 2s%m%ffimnmm ara . mm* epa ^sw^i^m ara sis 
^^mpa^^^s^ 8o g /L mmmtemmftnMzTg.fr i5 g /L ^n^wm 

(b^ig^lft^ P H 5 M 6 £|S1; 

(c)£ig#6<>*^0rg5ft P H 7 M 7.5 

W 35%. 

25 9.m«K*im;£ 6 S 8 +#-^#r*£ltt2f}*, £«FWtt?SMftffiiiJ»?S*. 

io.mm^^JH^ 6i9 +ft-35Rj?f jiw^r*. as^»3iii^«tt*»j3?^ 

30 . ■i3.|fii*JLffi:fr'fr*m#S > ara w-H-fft=iBW^r*. ^^ft^JLSe^r-i:^^ 
JnA&JiM^gkttJtm^-H-ftfiHBIfiftffi, iftit^I^ 40%ara MJL epa ftUr 
fi^^ii ARA 651^^1 — , J£*WJnAtt^Be^^ t t'W ara^S-^^L + W 
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13 m 15 *ii-^#T&itt:fr£fe. n*pjf&Mm%^M epa 
5 nMmxm^& 13 s i6 *#-j##ri£itt3m> ^pjr^mmm^±^ 

EPA. 

l8.4&$gfX*J^ 13 S 17 *te-^i£lft:*m> ^flf&iftfafllf^ 
50%ARA . 

io jLie^f-ir^* ipAj£*M^5jttt*0^^^*^w ara , rtt^^^^s^-^ 

40%ARA II EPA -g-m^Mil ARA Stf^-WIT faHIg. 
m& ARA "h^^l— M EPA . 
15 #EPA. 

22. «**tf«# 19M21 +ft-35SJ9fiiW»JLK^«l. K+AMMfttt** 
j^Jj^^M^^ 50%ARA MttfaHBI. 

23. -fl»«&A^3fE?E^ra*K(ARA)W^r&. ARA iftA&ffl 

20 a&#^Mi!? 40%W ARA fq^ffiil ARA 3£^-W EPA , £ + 0f5&toJftJ»*« 
PTWW^ife^^f^W AH^ttfttt ARA . 

24. «Jg«5pJ5l* 23 Bff^M^Tfe, ^"fWil^tl^ 50%W ARA . 

25. «*«5PJ5* 23 ^ 24 afifett^rtt. K+tfi*»ffl*4fc*AttflW** 

0.2-0. 8g ARA/^. 

25 26.tt&K?j£* 23 S 25 + tt-*0rJ£W:*rSc. StMWi^^l^iM 

27. m^a^J^^ 23 S 25 +ff-3KJ8ffifctt3rSc. 

28. ^M^^J^^ 23 M 25 +ft-^0f iiW^-ft, 3* + 0Ti&«Jffl£-»*»W« 

30 ffiM. 

29. **gfc*J5# 23 s 25 +ft-WH*BM#ft. *+0rifctoA£*Ja*rt*l 

30. m«^f'J^^ 23 M 25 + tt-WrifcW3rife. K+flrJfcWIMflOfc ARA 
MAJStfrttSPtW. 



32.mJg*l5PJfl* 23 S 25 4M£-^#r3£ftt;fr£&, » + ff^W«lf#>E ARA 
«Al*tt**#* ARA M*fT#. 

ARA , ffimtomg^^'J? 40%lft ARA ffl^FBiS ARA tfj — "h^E^ 

tt(EPA). »+fa»«Btt^iaft««ttM^*W*«*»lftft*A 

35.**«l3pJ3J* 34 fifjSWffl^«J. KtWiB^WI^ 50%ARA . 
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10 St, 20:4). ARA £ Afr + S-M^SW C 20 PUFA . JDl^lffl 

n^*a^f^ffi. ir±nw^M^ffi^K ara &Mw&mw --\-mmva 

£W4E#J?£tttl^(eicosenoid), WPfty^W^ E 2 (PGE 2 ), flu ?UflW^(PGI 2 ), jfilte 
& A 2 (T X A 2 ), fP£*HJ&HM leukotireneB 4 (LTB 4 )ffl C 4 (LTC 4 ) HU ft. 3*^ 
15 eicosenoid ^W*M&3fiffcitf, JfiL«SE3fc#, JfoWPM*, SillJililPJl/hl^tg 

KM?ftlft(LOA)W5£iScfP*l&*i^jKW. i^a^^SlA6-^fflSSW#^E, 

tAftrttiil, Burred, ( Lipids ), 25: 354-356(1990). #fW, ^T^fC 

20 ARA ifc^fcttfrtlift. ]&-A«^^«lttaj«iSc»i. «P^JU8, X^S^. 

#JL^H-^ + ^^fipI^M 2 M 3 ffiF. 0flU, fltS:fc*Mtfc-fr ARA . #T 
JS»J£&— «5?«ilHSc, flL^ttAlW ARA . Sanders ^, 
^( Am. J. Clin. Nutr. ), 31: 805-813(1978). ARA £#?l 4 1 ±^#J C 20 PUFA . 

*#?lpr*«jlw#*. ^^***±^«*JLRruiifflawjipwtfeft ara & 

^^fltA^ftJWmWSJLR^^+aJ^-H-fftHII^W ARA. 
ffl##ftt US4,670,285(Clandinin #)^^T^JL^fe^ ARA #}J3gJ!fil£ W*^. 
797^Si^^i, Clandinin ^iHJ-^WM^ &?Al&ifiL&ilBliMl*BM*tt 
30 tliWi^tl, lUifttf^-#Mi£#JLK^«3. <B£, fefft^^WAMWzi-ha 
E^^(EPA). e^JEPA^ESJL^rtWftaARAW'&fiK. Carlson^, INFORM , 1: 
306(1990). JgfflM, ARA fl^tl^ EPA . jfc*h ^fT^M ARA 

flrW. Clandinin ^Wm^^^E^^Fi^nT^T. 
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0*£Mi#. Shinmen ( Microbiol. Biotech. )31 : 11-16(1989) + ^ 

51, mm^M^mnm^B, ##A#l#*0ii5LU&?&^(Mortierella alpina) 

^ARA. (#JSL Shinmen ^WB^^J 1,215,245). &i%$rt,J5, 

Shinmen ^^tft^ift W3K3*^«Effi*S*tt«flS:^»JI&^. 

Porphyridium cruentum , -*+£lfe#j3!&§l, RTW^«l4t + ^:*fl , tt. 
# S «t» 3" ^ ^ S 40% #J ARA . Ahern ^ , £ ^ g ?fc £ % X g ( Biotech. 
10 Bioeng )25 : 1057-1070(1983). *I5ft£, 3*^ ARA ±H-^#?L^Jit^^, &fi 

i£ ara Mmmm*i&&&*m,&mfc&)\>&JT'&V9M&M\- 

US4,870,0 11 (Suzuki 7 A&?S$JI(Mortierella flDW+SEWflttPy-aE 

15 DE3603000Al(Milupa)^3TT— S^*®JLBE 

skdha), M#^tk^ 2.5-.1 , a^Asiaes?. m&mmm&mm&mmmtt 

gl, iifft, ^S^rtW^WWMfltlftaRW^It^WSIIfA. DHAfPARAto- 

20 *q&ffiii?jfifc'Mr*IM!fil ARA^rt^to EPA. jfcb^K iiiftJifBttSllfft^*— 
ara $sj«Jifti*)#. 

30 ^^Bj^^^^2g^^to^0^(ARASCO)to^J ic -^^ffi, WXtW^i 

0iBciftll&. &*tft*«3^— ^Mifc^&ttfiPli&JB^ ara MA. &®*r 



- ara - m " epa - ^%^&ft%myG$Lmmum— +«i*swss, 

SMB. 

(EPA)6<jX0Y4(ARASCO)^^rfe. "^±^^" EPA ft 

«if ARA^iWMl 1/5. iMlHJM. BTUilW^3ctt^fi«««. 

*^W«^^ttXWf*li^W^?ft = tt^l8l»tta*+ffixt«^Wfi ARA(M 

'> 40%6<JJ|gJ»&gs£Ji ARA ^H, 50%^*?), ARA EPA ift<S 
15 £j?S:l, 1^20:1 ISf, w/w). ^^^llu, j£iA*^izm#* g 

i*.fl&M*ii. m*fJ5njftfflJ««l-H-?ft = Bl^rKJlfti^Jffi(^JiP, ilil ARAi^^SW^ 

20 





m 




. 14:0 


16:0 


16:1 


18:1 


18:2 


18:3 


20:4 


20:5 








8.2 




33.5 


16.3 


23.3 


13.0 




3.0 




2.0 


13.2 




26.6 


11.9 


13.2 


13.8 


2.4 


4.0 




0.3 


15.7 


0.8 


55.8 


11.1 


9.0 






7.3 




7.4 


19.1 


1.9 


6.3 


24.5 


12.5 


10.5 


10.5 


9.3 




6.5 


9.9 


10.3 


21.2 


18.5 


3.5 


13.4 


10.9 


5.0 




13.6 


9.9 




14.7 


10.9 


2.5 


24.3 


21.7 


2.2 




14.7 


9.1 


2.2 


14.8 


12.6 


3.6 


22.1 


5.7 


4.5 




10.3 


15.4 


6.9 


12.3 


21.0 


3.9 


10.6 


12.4 


11.9 




9.5 


16.7 


10.5 


17.1 


20.7 


1.3 


9.0 


6.9 


13.3 


Pythium insidiosum 


9.5 


11.4 


12.1 


1.0 


8.3 


9.3 


31.9 




2.8 
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*gm&mffime l f£!&fe&ttKmftm&£Lm^tki in ara . w ee te, j. d.,si 

flgg£lft£#l4fc^ ( Fungal Lipid Biochemistry ), Plenum Press, N.Y.( 1974). 

ARA Mft^^, ^^3femT^H^il?IIS^rt Wi^l^ ARA ^HS^ifcSBj 

-+as^^(EPA). ^ i ^47 p. msidiosummn'^Mmmmmm^. 

5 P. insidiosum t&^/^fft ARA ^ EPA lUj*^. Ifiift, -£»h?E4 

^^w^rft+^ri^ffifflrafl-f^ ara m EPA WII, {fiJl^^M^^S 

EPA MX® ft 21 37 4£. Pythium insidiosum W^llj^?&^. W 

±PI#fPJlt^!^^PJ^, MJa&^£ Rockville, Maryland 
10 ^(American Type Culture Collective), fafRl^rfrfflft 28251 42430 . 4*^C4» 
P. insidiosum ftffi Uj &&^&ffl^>ft^t£lttK0#^. ^^^t^f^^^^ 

ara fp/j?* epa #m=m&ntKmnm&te*&w^&Mm a. 

*^W^tt^S:^lRWi5(5ia^:— Stk^*« epa -^s^i^^JLS^rt^l 

ARA Z&WfrJ. |5JHlimil&t&& ARA S'Sa£#-5«?L't , *§ 

15 jLR*"fr*3|e»8fe. ^E#?L4. ARA:EPA^tkHaiife^^20:l . #£0J4#3'j5f fg 
Tftfa— ft PTIS#J£a ARA^^IR^EPABiJf^fflW^^fft. 2RJf«J*. ^ffi 
# ARA ittfa^f ARA:EPA £tfcS4>#J 5:1 . 10:1 , *#M4> 

^ 20:1 . RTJ3SL. -^EPA^AtStL ft^jftS 4 W ARA ^^iil. 

+ , ^m^^-j** ara f*W*#T«^XW. -0. 

^*^^^54-^#a 10-100 5ftf«M^. ii#&JBMj i5g/i. JB*RTfi« 
j&i£»5K&£JB^;fc#&mj&##&«*.. JtttfK ?L«t*Ifllffc P. insidiosum Mil. 

30 »2Ktoll#S1ir#gMNtJ& J &, KfifeS*^?l-4^#l2l 15 3£H^. 

&m.-£umT, A^ws25M3o*cig^3S4^B, fcawju«j£iuflift 



ISJM^, fSiJl °HsM Rushton ^ma#s£. 

W&}&ftf£&g.^T&fc$E&) 50cm/sec S**J 500cm/sec , «| 100 M 200cm/sec . 
ill*. ^#»pT1U^(^. ASMilttM^ 2%M#J 10%#$m&#4&. 

«#tt&*-&*BJa£#rt. f4tgWt 25-50%B*(Bjrt^^sS5(^I 

Sfci&inA, 3K*qfiE±iiffifSrtW^I^B«rJE!l<¥*«liHI, WiSTi^I 75-300g 
1B^*t(C:N => 5:1 , ft w/w i«ff:#$ft«»^S. £-^##j£]^5£*, 
25 III^s©, iPJt^^^ai 16 «S««5FF*&»tWa-*fflS : f^ 80 IK 80 

30 mm, ^J^PMazu310 R ^^yft^^jl:?&^. 

Bt^jsiT^j^ai^M epa m&gm ara :. #j$q, is tc^t^mm* 

Jf^^^EPA. JgfflM, g«Ffifttt«r«E«l^ ARA tt^fMfi. 
J&3j**J 25 TCM^J 30 -C. 



5 £ 40%Jt<£j», BPfttffi, 3t*1Tto = IBWSjfi + ^ 10-40%* ARA i&# 
M4mo%M#, Mil? 50%2E3?», J&itfpmiJfc#&4&Ji. 

MA. ^Mftj±RjinAmm&y&ML&&Wm&&Shhmien**). ss^m, nUMxt 

ft± : $ i g#VBfrj8,mi&m&$iBi£m+tmA, &&mi«iAmMtomm&$m±&& 

15 &4*±j&S&J|l. 

wftM*k-&mft$knmmi i **). <a*. aw^T^awf*, ara as 

£-«8MHs. *B&, l§?pH(pH=7-7.5);£Bmffi?!&fl&*M ARA-^fi, {i^^c'ff 

20 *ti^^pHWPIE bp pH ^Eife»W#»!«^iJii^Jg 

itm, mmftm&wm, M#&&=?-'ftjgi&ftm$ttomx&, m^^ ara mm 

vvm, #^w^«*«fr«ws^«)fP^iiiniKJt^^«t'0 2 «. &itfc&# 

4o%ara »i3&m-ntii=m$zm%, m& so%ara 



CER)i£PM&iSS:fc&f(jI##I 72 /JM#J5), IM^J 0.1pH/>hBtW3*JBEJ|fFS^<i[ 
pH6.5 m pH7 £|b]. MS^iWIiS^, m pH &ft|£«J pH=7-7.5 BJT. 

40%, mft&mitmmftnm&m n P si , jraaat^s^ 3oo C m/ S ec 

20-60%M?ftfl&. fftll&4 , «:S*tt-25-70%fi-H-?ft = SS^^:W ARA^i. PTWiP*^ 
gARA/L/^fll^, »l£$t£#lM. 

15 ^^MSttiia. 

ux&.m&iR&mM&m&& ara s«ft^r^&tt*#j»a«. fsw 

20 B&*#. 

tofiiW#«+inAPfffl(iateift3-*£j 20%^#, BP^flcJRfiiftinA 4 fcmm 



Wi=J, ^iliP Crown Ironworks(Crown Mark TV)& French Inc.W^fi, j&SilHr^fl! 
McHugh ^, @l|fi:^1tffi^& ( Supercritical Fluid Extraction ), Butterworth(1986). 

#. 

^waftm^«rwA^iB^iRWW»ffj+tta^®. itm, pirn 
tt*aw-5ji&¥fc*j#tt. XA&^vm&mwiwmm, miamam^m^m^ 

&mmot, % ioo ^fiMMiy#i^ 10-15 ^-a-tann. afftiKflisi^flfppi 

+ ARA ^S^iS^fl^ltt ARA ^ 2 # ARASCO 4 s Mfl&flfrKfflJEMWL 

30 ias^fn>F^ arasco «*JLR#*tt + to»fr7fcb$fc. 
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^2 XtffAj*a-59A'MltttKffiAft!t8 





ARASCO 






mi 


8:0 


— 


24.1 


23.6 


0.35 


10:0 


— 


17.7 


17.3 


1.39 


12:0 


— 


14.9 


14.6 


6.99 


14:0 


4.6 


5.8 


5.8 


7.96 


16:0 


16.0 


6.8 


7.0 


19.80 


16:1 


3.2 


0.2 


0.3 


3.20 


18:0 


~ 


2.3 


2.3 


5.91 


18:1 


26.4 


10.0 


10.3 


34.82 


I8:2n6 


9.9 


17.4 


17.3 


16.00 


18:3n3 


4.1 


0.9 


1.0 


0.62 


20:1 


2.2 


0.1 


0.14 


1.10 


20:2n6 


— 


— 


— 


0.61 


20:3n6 


1.4 


— 


0.03 


0.42 


20:4n6 


32.0 


— 


0.64 


0.59 


20:5n3 








0.03 


22:1 








0.10 


22:4n6 








0.21 


22:5n6 








0.22 


22:6n3 








0.19 



1 Simopoulis, A., w-3 ^-^M0-^^^ ( Omega-3 Acids in Health and Disease) , 
pp.l55-156(1990). 

~°iumm, m arasco #5EWHJLie^-#^^W ara -g-S^^L^W ara 

5 7K¥m^j£. ut^h, *ba arasco #&^w&&&mjim*&w^&mffimmj&. 

iIHT, #5H-^JLSe^r-^^3Pl^ffl^ 50 S 1000mg &) ARASCO . MfcW} ARASCO 

mwm&&:T^*tf) ara s-s. &%m"i\cX&fti t PBffimm*} io %m&no %. 

40%ARA J|gj|&ttg&£, M^50%M#. ARA-£fi#j30%Bt, &##J*r-3fc@5 t£Ji^ 
10 JHIJLBE^r^^I 600 M 700mg W ARASCO . W IB tfcttlM— & ARASCO 

50 »Ejirtftfl8Mlt^#»T*JLffi^*% + JS*ttl&l»ja4fr, WiP Similac®(Ross 
Laboratories, Columbus, Ohio). ARA ^SHiSM?ftifeoItMf^S!j^|fttM## 

fcfc. ARASCO EPA 

&±.&Ufe*i&m Pythium insidiosum Btf, ^^fUMS- ARA WttW&±3?fi8* 



m&KME.m. mwiz&m arasco ^m^iiu-n-^mmmnn. m%*& 
m^^JLw.^^muamt.^, *%tw w# ara mm^i^^mm. 

jE^^^#A^e^PB<J, ftg#km5®£. ARA ^J^Pri^KVajreswari^, 
fti$(Metabolism)39:779-782(1990)), &J&-f??(Melnik, Bo, Monatsschr. Kinderheilta, 
138:162-166(1990)), fF;^, ^ffl^t, *» ft^jS, *ttiS+£»»Uc«-fl'ii« 

±j£-£#!. 3&»W»*-«£te***fA#F»3M ARAjftLrtfzlcTifeSiJjEWSrflSW*. 

ffl^h3t:^3lT^*-m^^:^« : WJl±^^ ARA-£SMt*. ^t^S^M^40%ARA 

mm, 5o%ara mmvk&mm&T&n, mm^m^m^m, ^m<&# 

% ara WAiffl^fiiiwas^i. &^mi%m3i&m%imiaizmm ara 
^E^ffi arasco myf^ms. ara w^msusb*, iS^MH^^r^s. 

&&#A&*(&m&£&tR»SMfafe&--m&. i£S* 0.5-2.0g/^, -flftim 

20 ARA jfil^7K¥ : 3i5>JiE^'. 

*MWto&-&mt&ir&.%&Ti?m arasco , min^xfjTftMn ara mm 

w. 

£MW 1. $d£- P. insidiosum flg#j!jP ARJLffi^rlMfc 

£— 80L(«JB&#fR)ftj£B«8 l K ffi^51L g5Mc, 1.2kg *««f, .240g 
30 tl^fP 15mlMAZU210S®M?a?flJ. ^ilS 121 C 45 S^Miill* 
HjjpA 5L?£^7jC. ^pHiS6.2, jjS^jbnA^ lL(*fflflft3gjg# 5-10g/l)ffj Pythium 
insidiosum (ATCC#28251)jg#^. it^i^ T- S 125 RPM(250cm/sec ZV&W, 

3SCFM. #48/jM*t, £ ^JlP A 50%«^$ts& 2L(lkg |g^$f). % 50 /hfit, J&Hifc 



■J 



m, J****} 2.2kg 15gT*)/L. «F«ft«EJ&M^«Jlfi«E«»«tfl±arffi^*H 

^*(50%H{*:)WW«, ^^^^T^. JBffi*»ffi#»#T*JS«j£*&ift, # 200g 

^ loog 5-6 g fflftb. 2o g ^ikwmm il #j£gi&^i&T 

5 ^Jfci/htt, ili*J53fc«:##ai, $ ioo g T£$»l!*M#I!l 22gMij. mr.®* 
±Sfi9tJi&, iiffm— ^«WS»-H-fft=aiW?S^i». ^B»iOM»^*& 30-35%. 

s<£&*nsitt epa . mm&wmmmmmM^jimjrit-y!)?*?* 

Similac®(Ross Laboratories, Columbus, Ohio) 1 ^, L BfiJIrSM^' 60mg . 

£— ^2LM + *£#^LJU&?S^(ATCC#42430), ffimtt 1L g^7XfP2g± 

a««*Js*a. Mffi^m^25 -cmt&m&m. mm, mrn^rn 

=Htk, m*i 8 g n^mwrnm^. nmmm im&mz&mmm&, nm&iAgm. 
m. itm^^mn 23Vo&£.mmm, m ioom g /L ^mmMAmmnm^jim^ 

15 #7;*^ Sanilac®^ 

GYE ig^S (50g/L IB^fq 6g/L Tastone 154)|#&#4fl4 I ^Ait5Ll] ; & 
MmUmi&fc& 28 -C , §3fl$S#jgjg37 130-160cm/sec, ^^J^ffi^f 6 psi , 
20 S$0iI^jEJg37 0.25 VVM. ^^^HlJ^pH^T?S5.0, ftjSfcjaBi pH 

1?M5.5. ffi 8N ift NaOH *t#ig#«#J pH>5.5 . & l^TJ^ff M TrJ£#/jtn, ft 
m.& 3 fm¥f& D.O. >40%: ^^ffiif^PM Hps! ; tll5ift#&j£lH-*h#iI J KM 
175cm/sec ; JfriI*l3lJK$gi5S 0.5VVM . ^Jgfif^jbH A Dow 1520-US 
(*E3K»UlMI&inA*<J O.lml/L 
25 . pH 6.0 WJl^ftt 12 /jNBtrt, W£#4^#^£SI^I£PJ:e£@^ + . 

3E£lti§1^GYEig#S (50g/LlB^«g6g/L Tastone 154) ; *3§$fiji.&K 
XmmtoA3L%tmm*. ^m-Um^^. 28 'C, S3M#3lJt3; 160cm/sec , 

ft^^is^ 6 P si , m%]m%mm%) o.iswm . ^m^w^pHi^^ 5.5 , m 

8N ft NaOH *§f#i£#SW P H>5.5 . SIS^W^^ 24 A^VlfcK^jtft pH 
30 fl-ffi, fBjijl^iPH 2 S0 4 m^^EpH6.8 WT. iiil^^SMiginS 1 lpis , U 

mmn&j&ntmmigm i75cm/ S ec, ^is^mgSiftMo.svvM^^x^m^ 

£ d.o. >40%. fa&mWMA Dow 1520-US ^Sftmi*. (£2c0mm in A«J 0.1ml/L 

i%^Wm 12 /hB«#f££^#J!£flfti£##r. & pH 6.5 IM/5#J 3-4 



^m~^^m^mjk>s.5g/L . ££»«*«««*ftsiSE^ 5o g /L t&s 

#2U*tt»K « 65g/L Ig^lf(Staleydex), ft 6g/L ^#M^tJ(Tastone 154)i^^^ 
. LliMTSS^ \2g/L^m. &ff£ 6g/LTastone 154 , ^JH/*^ 18 

g/L ^.ygfjji. 

10 

^7T51ilaaiP Tastone 154 ^igiO^J^Wffl^TT — £?'J3S-3&. 

i^/ 2 x 20L ti, f?SB*|H];fc 168 /h&t. 100g/L(-^ 
£56 #J 4 #J 65g/L Jffifcfc). — tig^ftl 3 x 6g/L M Tastone 154 , ^— SS^jjq 4 * 6g/L . 

%tTM&mW%l, #M£ffiW*t"?(lml «i«BW«fM)^#ft 2 ^ 50ml GYE 
±gffS(100g/L Staleydex , 6g/L Tastone 15 4) ^J^gflS^, & 28 "C , 150rpm ig^F 4 
%L. 4 ^B, + ^fi^ 2-5mm . &&*&#SJfS 

20 x 3 # 25ml S^^^WSJ 2 -f 2.8L ft Fernbach gftj&M't 1 , i£tiMR3& 800ml . 

(«5fefrw^»f iomi MWiffim. affigftMB^ft^fc+^^Majft 

SSffis, MJattTh^Fcmbach4»W^iSS:#HW*«*«E§CM3R«. ) Fernbach * W « 
#S^*^^(Staleydex)100g/Lffl^#^Ht;(Tastone 1 54)8 g/L . IBWifflST^H 

fytfaftms. 40 #i*?cm. fl^MaumMSr-fc 28 -c, »#aSiK*i^ 100 m 

25 150rpm. 

£ Fernbach )£M.*m$? 44 /h&tB, &#%&?f#M 2 -f 20L ft£H3t*. & 

1.6kg(10%)16^*i(Staleydex)fn Mazu204 ?8 ?&3fP](1.6g, 12.5L 
R.O.H 2 0 + 14 15 122 *C 3*0 45 ^^-tSS + OS 0 fUM) 

30 *PA 800ml(5%)^#^. ^il^i^tWT: 
M^. 28 'C , 

pH : £3 2N NaOH ft 2N H 2 S0 4 £f 5.5 , 

0.5VVM , 
WJBE: 0.2bar 

12 



tt#(S$U): 80cm/sec , 
D.O.: £ftJ3E40%W±. 

14 3 x 6 g/L Tastone 154 

#g£-#il&$KTastone 154)$gJl¥J& 96g/L ^ik^^B.^ 1 /h&fr. # 3 
5 BO, 20 m 1L(1.8%). 

B 15 /hat, do $cS 40%l^T, >AB 15 /hBtfSB 22 /hftf ;&}f ^Mg^s 

175cm/sec. ^JnM&mm.K&&Hffi>m&mv DO ; JAB 23 /hftfS 72 /hB^f, & 

n^**nAfm. >ab 36 /hB^jf m-#nnnftmmuAUvEyiftm&. sb 

48 /hBT. ^#jiJ^B^i-^S 200cm/sec ; SB 72 /h&t, 3t^S 250cm/sec ; SB 
10 80 /hB^t, -nMm 280 cm/sec. &Bl20/hBt, >&m#3l^$i^S 290cm/sec li**tl3S 
i&J^&lfe'J. «Bl44/bB^, ^^at^PftfSS 280 cm/sec. 

15 4 ^ 6g/L Tastone 154 

^^#$1^^ (Tastone 154) 384g mMJ& 96g/L fa i t&&#nE.]JiM 1 'hEtf . # 4 
&&B 0 , 20 , 26 fB 32 /jNfft^&iPA 1L(2.4%). 
15 mi6/hBT, DOS&S40%l^T, #»#iI^3^S 175cm/sec , 23 /h 

Bt. ^/slilfflt^^^i^T DO T 40 % l£A±; JAB 23 /JnB« 72 /JsB}, 

ffi^^+jBA^^,. bkm 36 m-^^Bnmmw,uiEyt^m^. s 

B 48 /JnB7, ^#3SSB?f^M 210cm/sec ; SB 72 /htff, ?h^S 260cm/sec ; S 
B80/hB}, 54- ^S 290 cm/sec . &B 90 /hBT, ^M#^SI^#S 280 cm/sec . & 
20 B144/JnB}, M#lt^S 260 cm/sec. 

xtmnm-. 

£J3=#Bt, M^^W^tJjStP^ + ^^i^^^^^m^m*^. S 24 /jNBt, 

JF&Bj&J*. ^m/h(i-3mm), ^/h^rt^fB^Tfn^W^. ^B48/hBT, 

25 £A, ^MHfBtff. S 72 /JnB}, mmW^^tJC^m^it^, 5£iftBJS£ 

7F#?ft?l£. S 168 /JnB^-, ^^3:®^ 0.5 S 2mm , *bl£^MSI^rfiJ*&j£ffl£S, 

2-4cm BtAXiPAfg^Hf W&fcl. S 48 /hB«, i^B&^T^, {§. H^mWlfti 

s^W24/hBtrt^jjnw, mm, ^T^#ssf7A*w^mti(M^^)fi^#^B<) 



MU). 168 /WJ§£#ia^W*»fltfR& 13L . 
5 JW. 



£S 14 


3 x 6g/L YE 






NH3 






ARA 






(g/L) 


(mM) 


(g/D 


(%fl) 


(%fft) 


(g m/L/d) 


0 


105.0 


3.0 


0.4 








24 


97.4 


5.9 


3.3 


4.8% 


23.5% 


0.16 


48 


73.7 


0 


18.3 


7.9% 


23.4% 


0.72 


72 


60.3 


0 


21.0 


14.4% 


25.4% 


1.01 


96 


48.0 


0 


22.3 


18.3% 


27.5% 


1.02 


120 


40.0 




25.2 


21.1% 


29.4% 


1.06 


144 


34.7 




26.6 


21.8% 


30.9% 


0.97 


168 


29.0 




27.5 


26.1% 


31.3% 


1.03 




0 15 


4 x 6g/L YE 






NH3 






ARA *£ Wl 






(g/L) 


(mM) 


(g/L) 


(%fl) 


(%fft) 


(g m/L/d) 


0 


109.0 


2.9 


0.4 








! 24 


103.0 


5.1 


3.4 


4.3% 


21.9% 


0.15 


48 


74.1 . 


0.3 


23.6 


6.8% 


23.1% 


0.80 


72 


51.4 


0 


29.8 


10.3% 


23.9% 


1.02 


96 


40.0 


0 


32.7 








120 


27.9 




31.7 


18.2% 


26.6% 


1.15 


144 


19.8 




33.5 


20.7% 


28.1% 


1.16 


168 


11.0 




29.9 


21.7% 


29.9% 


0.93 
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£5£#!l 5 S^ffil^l, {Bffi^ftffit&M Mazu204 H-5L ffif^Ji 12.5 L #J 

R.0.H 2 0f. 30/jNB^^iP6<j|fc^^SiiJ^^IR. 14 ^«|^in Fe , Zn, 

5 fPCu; 15 Fe , Zn . ft Cu #J$!@£&. 
3j 14 : 3 * 6g/L Tastone 154 

ftB£-&%3Ub&ffiJft 96 g /L 1L W 3 #h M l /ha*. £fg o , 

22 m 28 /hftf iP A 1L ^{#. 22 5fP 28 /jMtf, --*tifc«#jiS[J6Jg(CER , 

io inAWit^: 

FeCl 3 6H 2 0 480 mg 

ZnS0 4 7H 2 0 240 mg 

CuS0 4 5H 2 0 16mg 
ftFeChmm&lLSg/LMtfrm&tmm*. j»A^W&. JlNaOH^pH^Hf 
M 4.5 . ^^^^EE^M l /M#. £3& 30 /h&m&JnA. 

a^^SIUWtt#M>g^ 50cm/sec M^M3fett"*JW 80cm/sec , 037£B?SI 

4"W«l0?ft<&(i3L)H!l»a«:«#^«4»«P, ^fttM^M-g^^fiftt^it 

15 16 /JnB}, D.O.^S 40%iaT, *JtbM^E 28 /hfl* >&jf # jl^ii^S 175 

cm/sec. mJSmm.^&&^foUMi^ftD.OMm&40 o /oUX±. &3M6/hB*, 3/7 

M^m&mft&mfens. 190 cm/sec . m#&&.&j&—&ftM, % 48 /hat 3; 

200cm/sec , M 51 /hBt;*7 220 cm/sec , S 53 235 cm/sec , S 56 /hBt^7 250 

cm/sec, M 57 /hflt^J 260 cm/sec , M 70 /hB*3j 280 cm/sec . BPH£i£# Mfi8#5i 
20 j£(450rpm)T, ?ft-£1t«'05*8#£. S3*£t£NtS»*?£ W "H&W^" , &»cM 

E. 116/jMtf, &a£#i££WHftllJ 265cm/sec , £1^120^, a-^|##PJ 

250cm/sec . 

umm^m is /hB^&^mi*. ^iiiiAiiPA^^gftj. s&— 
25 &ixaAmi&M&f&2osm. s24/jnb^, £.n&&tti* i £.feft, mm^^m 
iummm. m 72 /he*. ^^»?a*T». &m&jk4Jbmmw$E^BnnAm 
mm. 

M 24 /hat, ^t>aM^^mfcM^^(i-2mm)jfPfc v iJc6<imMmil^. W^Sto 

4MJ&m*§@it>tfc(l-2mm), (0.5 mm IUT)fti8M&M#**IR£#. If? 144 

J5 



flt 15 : 3 * 6g/L Tastone 154 

3ftB-flH&#4fe?&**/fc 96g/L &Jg, ^ffiZ^M 1 'hfcf. £S 0 , 22 fP 26 /JnB* 3 
KftlAlUHfr. «E# 22 *D 26 /Ntt. £0&?F& 

5 3BSJhh«. 

KH 2 P0 4 77g 
FeCl 3 6H 2 0 480 mg 

ZnS0 4 7H 2 0 240 mg 

CuS0 4 5H 2 0 16mg 

#FeCl 3 ?gJ»& 500ml 5g/L Wfr ^g^^Et- iPA^WSt, ffl NaOH # pH 
iB^M 4.5 . Jft KH 2 P0 4 ffiFftllE 500ml R.O.7JCFK JftM^iS^AHiKM 1 'hfcf. 
jg^ips 23 -c , £*J5&I£ 30 /hfftJR^jbpA^Btt. 
10 £#fM%0ftft#&&& 50cm/sec I^SJI5feWJW 80cm/sec , ®^7^^^l 

+^s^?t^(i3L)ra'j^«:£iM#^w^^. 

£31 16 /jMtf, D.O.&M 40% WT, EfelftMlg 27 ■/jMtfJftijWiEflEilWM 175 
cm/sec. ^j5^ft^,^n^*^D.O.^^J^40%WJL. &!Ml 'M*t, >&T 

ittfr S^ N */M:WtR^llff^lK#iSa»HS 200 cm/sec. 

15 #5 42 /htt^f 220cm/sec , M 46 4^H%] 230 cm/sec , M 51 /JnB^^ 235 cm/sec , S 
70 /jMtf& 240 cm/sec. BP1££E&# 6«#3l^(410rpm)T, M^tif #H75£S37&MS 

mwmmi^nm^±^}^.^. so /h&t, «FiK#siBEP*ffl5Pj 205cm/ S ecc . 

18 'hfcWJ&j^&jfiSt. ?&*iiaAXinA^?&^J*Sft«J. 

M24/h&t. 4i^S^tfetW^t(l-2mra)^|&fWI^Iift. ^A*lW 
mj3&^Jt^^. S48/|Mtf, 4tISt^fetWIMiifr ^/hWl*jR(l-2mm), 
JSttrtftm'hffiMS&ltt.- IU#ifc*fefl^Jia«K«##(l-3nun). S96/hBt, £ 
25 Vdm^mnft, l-2mm , ^ + ^^*&tfcW^ttW^ffl, WM^ilfe 

MI^^H. H 144 /hB^WM^gt^^S^^®M^^^^^:*##^WvftM. M 
«S 15 ^fg 14 WK»J{fc^f JfciHl7fl*ifc&tttt 15 ^SI^Ba®"* 3 , SSt 

16 



^*S#JJt!^(J£ 15^82 g/L, Mm 14 # 64 g/L), ffi^Mf^ffl^^ 3P#-MM 
^4 &Wt-xt%E. 



14 












ARA 






(g/L) 


(g/L) 


(%fl) 


(%yft) 


(g fft/L/d) 


0 


116.0 


i.i 








24 


101.0 


1.8 


1.2% 


22.2% 


0.02 


48 


84.0 


14.3 


6.2% 


24.7% 


0.44 


72 


60.0 


24.5 


10.6% 


24.2% 


0.87 


96 


45.0 


28.2 


15.5% 


25.3% 


1.09 


120 


34.0 


28.9 


18.1% 


26.6% 


1.05 


144 


27.0 


30.8 


20.8% 


27.2% 


1.07 




3® 15 








Tft 




ARA SM. 






(g/L) 


(g/L) 


(%fD 




(gfa/L/d) 


0 


113.0 j 


0.4 








24 


101.0 


2.1 


1.1% 


24.0% 


0.02 


48 


74.0 


21.7 


8.1% 


24.7% 


0.88 


72 


51.0 


26.2 


19.9% 


26.5% 


1.74 


96 


31.0 


30.1 


25.5% 


28.6% 




120 


18.0 


33.8 


31.7% 


31.4% 


2.14 


144 


6.0 


34.5 


36.0% 


32.9% 


2.07 



5 mnm 7. *mm±j*^m&&mffimttniu®.mm£.y9m 

hKmmm^m GYE ig#S(50g/L %$gg$! 6g/L Tastone \54)&)ftTm& 
ft. fammftG. 28 TC, Jft^JlK^jtft^^ 130 M 160cm/sec 43rpm). * 

^^i±^7 6psi ( S#JiI^i£jgj*7 0.25VVM. W pH iE^S 5.0 , XmJs&jM. 

10 ftm llpsi , (u)«lt#MII?«S 156-17Scm/sec«#£*Mft5fca, (iii)&3i^CM£ 
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1 



tii^M 0.5VVM . ffi.fenWmi)Uffi'MM Dow 1520-US#eftJ?&ac. (^T^S^Bfr 

lt£?&, JST^^E^MmiJIinA^ O.lml/Lm^J). &ft>J5, ffl 8N |ft NaOH *£&ig# 
pFE>5.5 . 

pH^M 6.0 W±/5f# 12 /Nttft, Wfit^illfiSilt. ±mm^ 

5 

80g/L 3fi^$|(ADM) 
16g/L AJaU^ADM nutrisoy) 
30mg/L FeCl 3 6H 2 0(Sigma/Aldrich) 
1.5mg/L ZnS0 4 7H 2 0(Sigma/Aldrich) 
10 O.lmg/L CuS0 4 5H 2 0(Sigma/Aldrich) 

lmg/L £^^(Sigma/Aldrich) 
2mg/L &^#fcJK(Sigma/Aldrich) 

2mg/L e^(#l i !&)(Sigma/Aldrich)(^^BU^Ii?M pH4.8-5.0) 

15 162cm/sec(**J 23rpm), 6psi . S 3fl l# il ^ Jt 3? 0.15VVM(#J 

300scfh). 

#*&#S*lftfC&mt}#£D.O. >40%: (i)MJE5H-S 1 Ipsi , 
HftM 300cm/sec iffi#£*h&ilg(£ji9iq 7 30cm/sec), (iii)^jI^ig^Mi^M 
0.5VVM . 

20 «lgWT pH m^jTfeXi&ffl P H : 

^Z^M^ftjS&J pH 5.5 . ffl 8N #J NaOH pH >5.5 . 

&&ft>Jm 24 S 36 /hfcf, JpA: 2g/LKH 2 PO 4 (110kg^T^ 700L7K4 1 ). 
#48/jMtf, *nJiliS^!!&g<60g/L , tpH^M^>6.1. 
m 72 /JM#, l^/jMtf«j O.lpH ft£££1ftJ&tt pH 5fl-M>6.6 . 

25 tetewntmiu h 2 so 4 m& pH ffij^ 7.3 . 

mm 12 ^a^ftjffi^ij&ii&SEM^, ffi ph nm>6.6 

jgJ&JA 80g/L TP£M<;i4g/L . 

30 
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i^(80g/L)+*S#fr(16g/L)+^&+*&£^ 




«1 4E1 xffr 

FnJ ^hJ i/S 

(cr/T ^ 


NH3 




iDj a 


ARA 


( or vTh/T Ml 


o 
















TJ.U 






14 Q% 


13 7% 


VJ.tJO 




JJ.U 




1 7 0 

1 / .V/ 


97 0% 


40 0% 


1 1 7 

1.1/ 


1 18 


23.0 




20.6 


28.2% 


42.6% 


1.18 


142 


16.0 




17.1 


39.2% 


44.2% 


1.13 


165 


9.6 




21.5 


41.5% 


45.5% 


1.30 


188 


5.2 




19.8 


41.7% 


47.3% 


1.05 


215 


1.7 




23.2 


46.0% 


48.9% 


1.19 


237 


0.2 




23.1 


44.8% 


51.2% 


1.05 



6 mih^mmm^mam 



±g#S = ^^^(65g/L)+^;M^(16g/L)+^cmik+^ 






(g/L) 


NH3 
(mM) 


(g/L) 


(% z Ffi) 


ARA #if; 
(%**) 


(g ?S/L/d) 


0 














65 


36.0 




13.0 


8.2% 


29.0% 


0.39 


90 


23.0 




12.0 


18.0% 


42.0% 


0.58 


115 


15.0 




14.0 


30.0% 


47.0% 


0.88 


139 


9.0 




15.0 


32.0% 


51.0% 


0.83 


171 


4.0 




17.0 


36.0% 


55.0% 


0.86 


209 


1.4 




12.0 


36.0% 


57.0% 


0.50 


243 


0 




14 


37.0% 


60.0% 


0.51 


187 


0 




13 


34.0% 


64.0% 


0.57 
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